INTRODUCTION {#sec1-1}
============

During cavity preparation, the success of restorative treatment can be affected by microbial remnants in the cavity walls. The degree of success in the elimination of microorganisms during cavity preparation and prior to the insertion of a restoration may increase the longevity of the restoration and therefore the success of the restorative procedure. Attempts at the complete removal of deep carious dentin, by solely mechanical means, may result in pulpal violation and/or gross destruction of the tooth structure and has failed to generate a completely caries-free cavity.\[[@ref1][@ref2]\] Therefore, disinfection of the cavity preparation after caries excavation can aid in the elimination of microbial remnants which may survive and multiply, especially in the presence of microleakage that can be responsible for pulpal irritation, risk of recurrent caries, or postoperative sensitivity and therefore failure of the dental restoration.\[[@ref3]\]

The fundamental goal of adhesive dentistry is to create an effective, durable union between tooth structure and the restorative material.\[[@ref4]\] The resin-to-dentin adhesion occurs through the infiltration into and polymerization of hydrophilic resins within the collagen matrix exposed through acid decalcification of dentin, thus forming a hybrid layer. In case of etch-and-rinse adhesives, it is pertinent that the adhesive resin monomer penetrates the acid-etched exposed dentin collagen fibrils. However, studies have revealed that this goal is rarely accomplished.\[[@ref5]\]

Certain mechanisms have been proposed to improve dentin adhesion, i.e., adjunctive collagen pretreatment, matrix metalloproteinase (MMP) inhibitors, and so forth. MMPs and cysteine cathepsins which are found in human dentin contribute to the degradation of denuded collagen within the hybrid layer.

Chlorhexidine digluconate (CHX) is a biguanide biocide that hinders the formation and progression of dental plaque and has been utilized as an oral antimicrobial agent and is considered the "gold standard" of oral antiseptics. It also has an inhibitory effect on the MMPs (against MMPs 2, 8, and 9) and cathepsins in the dentin. These effects can be useful in preventing collagen degradation and disintegration of the bonding interface over time.\[[@ref6]\]

To overcome these limitations, alternate cavity disinfectants, which are safe, effective, and economic, are need of the hour. *Aloe barbadensis Miller* (*Aloe vera*) is a perennial succulent plant resembling a cactus, with green dagger-shaped fleshy, spiny, and marginated leaves, filled with a clear viscous gel belonging to the Aloeacease family (subfamily of the Asphoelaceae). *Aloe vera* gel and aloins also were effective inhibitors of stimulated granulocyte MMPs 2 and 9.\[[@ref7]\] Furthermore, antimicrobial adequacy of *Aloe vera* has been demonstrated by many researchers.\[[@ref8]\]

*Azadirachta indica* (neem) is an evergreen tree belonging to the Meliaceae (mahogany) family with potential medicinal value and is still regarded as "village dispensary" in India. Besides the antimicrobial action, this group of compounds also demonstrates anti-inflammatory efficacy. Aqueous extract of neem reduces the ability of streptococci to colonize tooth surfaces.\[[@ref9]\] Furthermore, MMPs 2 and 9 were found to be inhibited by neem,\[[@ref7]\] so it can be a good herbal alternative to be used as a cavity disinfectant. This is the first study of its kind to test *A. indica* (neem) for resin-dentin bond stabilization.

The aim and objective of the present study was to comparatively evaluate CHX, *Aloe barbadensis Miller* (*Aloe vera*), and *A. indica* (neem) for resin-dentin bond stabilization when used as cavity disinfectants and to examine the null hypothesis that pretreatment with herbal disinfectants will not produce any significant differences in the immediate and delayed dentin bond strengths.

MATERIALS AND METHODS {#sec1-2}
=====================

Two hundred freshly extracted noncarious, human mandibular molars were thoroughly cleaned and stored in distilled water until use. Teeth were randomly divided into four experimental groups of 50 teeth each according to four different surface pretreatments (*n* = 50). Tooth crowns were flattened occlusally using a low-speed diamond disc and mandrel (Markus Ink., Michigan, USA) under water irrigation to expose superficial dentin. The samples were embedded in an autopolymerizing resin (DPI-RR, India) at the level of cementoenamel junction with long axes perpendicular to the acrylic resin surface to form cylinders 2.5 cm in diameter and 5 cm high. A standardized smear layer was created with 1200-grit silicon carbide paper (Oakey\'s Abrasives, John Oakey and Mohan Ltd., India). An adhesive tape with a 3 mm central hole was positioned on the flat dentin surface to demarcate the pretreatment and bonding area. Application of the cavity disinfectants for 30 s, i.e., 2% CHX (Basic Pharma, Gujarat, India), *Aloe vera* solution (prepared using *Aloe vera* powder \[Bioprex Labs, Pune, Maharashtra, India\] of 99% purity and dissolving 20 mg of *Aloe vera* powder in 10 ml of distilled water),\[[@ref7]\] and neem solution (prepared by mixing 15 g of dry powder of neem leaves \[The Indian Neem Tree Company, Mumbai\] with 100 mL of sterile distilled water in round bottom flask with occasional shaking and were then filtered through muslin cloth for coarse residue and then through a Whatman no. 1 filter paper and kept in an airtight amber-colored container)\[[@ref9]\] in Groups 2, 3, and 4, respectively. All the samples were subjected to acid-etching procedure with Scotchbond Universal Etchant (3M ESPE Dental Products, St. Paul, MN, USA) for 15 s, followed by rinsing with water for 10 s and blot dried. Prime & Bond NT (Dentsply, Caulk, Germany) was used as bonding agent and was applied to enamel/dentin surface with applicator tip for 20 seconds, using light brushing motion. It was air dried for 5 seconds and then light cured for 10 seconds. Nanohybrid resin composite was applied in 5--6 increments (Filtek Z350, 3M ESPE, St. Paul, MN, USA) with the aid of polyethylene tubes (TYGON laboratory tubing, Saint Gobain, Akron, OH, USA; 3 mm diameter, 2 mm height, and 0.5 mm thickness)\[[@ref10]\] and individually light cured for 40 s using light curing unit Spectrum 800 (Dentsply, Caulk, Milford, USA) with an output of 600 mW/cm^2^. The tubes were then removed. Half of the specimens (immediate testing group) were then stored in distilled water at 37°C for 24 h for completion of polymerization before immediate testing and scanning electron microscopic (SEM) analysis. The remaining half samples from each group (delayed testing group) were stored in distilled water at 37°C in an incubator for 6 months. Storage solution was changed every 2 weeks.

For shear bond strength (SBS) testing, each tooth was secured in a specially designed attachment jig to hold the specimens to the universal testing machine (Instron, ADMET, Enkay Enterprises, New Delhi, India). Load was applied by the testing machine through a wire loop adjusted to the bonded interface at a crosshead speed of 0.5 mm/min. SBS in MPa was calculated from the peak load at failure divided by the specimen surface area.

After testing, the fracture modes were evaluated under a stereomicroscope (Olympus, Zoom type) and classified according to the predominant mode of fracture as an adhesive fracture at the resin-cement dentin interface, cohesive fracture in the resin cement, cohesive fracture in dentin, or mixed adhesive and cohesive fracture in the resin cement.

RESULTS {#sec1-3}
=======

Data analysis was performed using the parametric test "one-way ANOVA test" (for comparing more than two groups). Paired *t*-test was used for comparing two paired readings. Level of statistical significance was set at *P* \< 0.05. *Post hoc* Tukey\'s test was used for pairwise comparison of subgroups (ANOVA test is positive, i.e., *P* is less than the selected significance level) \[[Table 1](#T1){ref-type="table"}\]. Fractographical analysis showed that the control group showed more adhesive and CHX, *Aloe vera*, and neem showed mixed and cohesive failures both \[[Table 2](#T2){ref-type="table"}\].

###### 

Intragroup comparison: Comparison of immediate and delayed shear bond strengths among four groups

  Group       Cavity disinfectants used   Mean (SD)      *P*            
  ----------- --------------------------- -------------- -------------- ---------
  Group I     Control                     16.04 (1.39)   8.02 (0.70)    0.001\*
  Group II    CHX                         20.01 (1.06)   15.94 (1.38)   0.001\*
  Group III   *Aloe vera*                 20.06 (1.01)   15.40 (1.17)   0.001\*
  Group IV    Neem                        16.53 (1.00)   8.27 (0.50)    0.001\*

By paired *t*-test, \*Significance of relationship at *P*\<0.05. CHX: Chlorhexidine, SD: Standard deviation

###### 

Percentage failures of samples treated with cavity disinfectants

                       Cohesive failures (%)   Adhesive failures (%)   Mixed failures (%)
  -------------------- ----------------------- ----------------------- --------------------
  Immediate failures                                                   
   Control             30                      40                      30
   CHX                 60                      10                      30
   *Aloe vera*         80                      10                      10
   Neem                60                      20                      20
  Delayed failures                                                     
   Control             30                      40                      30
   CHX                 50                      20                      30
   *Aloe vera*         40                      10                      50
   Neem                60                      20                      20

CHX: Chlorhexidine

SEM showed that there were more interfacial gaps seen with control group when treated with Prime and Bond NT at both the time intervals. Neem showed weaker interfaces in delayed samples whereas the strongest interfaces were seen with CHX and *Aloe vera* groups at both time intervals \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![(a1 and a2) A representative scanning electron microscopic image of bonded interface in control group. Notice the gap between dentin and restoration (×500). (b1 and b2) A representative scanning electron microscopic image of bonded interface in chlorhexidine group where gap-free interface can be observed (×500). (c1 and c2) A representative scanning electron microscopic image of bonded interface in*Aloe vera*group where gap-free interface can be observed (×500). (d1 and d2) A representative scanning electron microscopic image of bonded interface in neem group where gap-free interface can be observed (×500)](JCD-22-300-g001){#F1}

![(e1 and e2) A representative scanning electron microscopic image of bonded interface in control group. Notice the larger gap between dentin and restoration (×500). (f1 and f2) A representative scanning electron microscopic image of bonded interface in chlorhexidine group where gap-free interface can be observed (×500). (g1 and g2) A representative scanning electron microscopic image of bonded interface in*Aloe vera*group where gap-free interface can be observed (×500). (h1 and h2) A representative scanning electron microscopic image of neem group where interfacial gap can be observed (×1000)](JCD-22-300-g002){#F2}

DISCUSSION {#sec1-4}
==========

MMPs are secreted as proenzymes (zymogens) and are activated by proteinases or some chemical agents, including reactive oxygen species. MMPs can also be activated by low pH,\[[@ref11]\] probably through the disruption of cysteine--zinc binding. New strategies to prevent the degradation of dentin bonds may be essential to increase the longevity of bonded restorations. Therefore, the use of exogenous MMP inhibitors, such as CHX, epigallocatechin-3-gallate, gallardin (MMP inhibitor (GM6001)), tetracyclines and analogs, quaternary ammonium salts, and flavonols, may be an effective strategy to enhance the longevity of adhesive restorations.\[[@ref12][@ref13]\]

The present *in vitro* study showed that CHX improved strength with Prime Bond NT. These results are in accordance with studies conducted by Dalli *et al*.,\[[@ref14]\] Sinha *et al*.,\[[@ref10]\] Ahmed *et al*., and Boiter *et al*.\[[@ref15]\] Using a CHX before etching was shown not to affect bonding to dentin, however, reduced dentin bond strengths usually when a CHX was used after etching because of material interactions. These findings are in agreement with those obtained by Perdigao *et al*.\[[@ref16]\] These results are in contrast with a study conducted by Vieira Rde and da Silva\[[@ref17]\] who showed that a cavity disinfectant containing CHX significantly lowered the bond strength. This might be attributed to its inhibitory action on MMPs, thus stabilizing and preserving the integrity of the hybrid layer, thereby inducing a positive effect on bond strength. However, CHX has some inherent side effects that limit its widespread acceptance, for example, contact dermatitis, brown staining of the teeth, and taste alterations which gave emergence to the use of certain herbal cavity disinfectants such as *Aloe barbadensis miller* (*Aloe vera*) and *A. indica* (neem).

The antibacterial effects of *Aloe vera* have been attributed to various pharmacologically active constituents. The antibacterial action of *Aloe barbadensis miller* had been proved in a study by Pandey R and Mishra A in 2010. Its bactericidal activity is because of anthraquinone.\[[@ref18]\] The presence of coumaric acid was also reported, in the studies of Baranowski *et al*., to increase the lag phase of the microorganisms, and it was also able to inhibit the enzymatic activity of the microorganisms.\[[@ref19]\] Cinnamic acid in *Aloe vera* gel can inhibit glucose uptake and adenosine triphosphate production in the resting cells of bacteria. *Aloe vera* also possesses anti-MMP potential, especially against MMP-2 and MMP-9 proven by Barrantes and Guinea. A study conducted by Kudalkar *et al*.\[[@ref7]\] also showed that *Aloe vera* has an inhibitory effect on MMPs due to the presence of the anthraquinones. In this study, *Aloe vera* showed a good long-term stabilizing effect on the bond strength. *Aloe vera* showed good bond strength as it increases the collagen content of the granulation tissue as well as its degree of crosslinking.\[[@ref20]\]

The other herbal alternative used in the present study was *A. indica* (neem). The presence of bioactive constituents such as nimbidin, nimbin, nimbidic acid, nimbolide, gedunin, azadirachtin, mahmoodin, margolone, cyclic trisulfide, alkaloids, glycosides, terpenoids, steroids, tannins, alkaloid margosine, resins, gum, chloride, flouride, silica, sulfur, oils, saponins, flavanoids, calcium, quercetin, and ß-sitosterol which contribute to antimicrobial property.\[[@ref21][@ref22]\] Prashant *et al*. demonstrated that neem stick extract produced a maximum zone of inhibition against *Streptococcus mutans* at 50% concentration.\[[@ref23]\] From the previous studies, MMPs 2 and 9 were also found to be inhibited by neem. The results of the study conducted by Kudalkar *et al*. showed that mean inhibition of MMPs 2 and 9 by neem was 53.5% and 52.5%, respectively.\[[@ref7]\] As pretreatment with the herbal agents used was able to maintain immediate and delayed dentin bond strengths, there is not enough evidence to reject the null hypothesis.

Despite significant improvements of adhesive systems, bonded interface remains the weakest area of tooth-colored restorations. If dentin/adhesive interface is exposed to oral cavity-marginal discoloration, poor marginal adaptation and subsequent loss of retention and restoration are frequent clinical findings. The ideal mode of failure is a 100% cohesive failure in the adhesive layer. In the present study, all the experimental groups exhibited more number of cohesive and mixed failures as compared to adhesive failures.

CONCLUSION {#sec1-5}
==========

Under the limitations of this *in vitro* study, it can be concluded that all the cavity disinfectants appear to show promising approach to improve resin-dentin bond durability and thus to enhance the clinical longevity of adhesive composite restorations. *Aloe barbadensis miller* (*Aloe vera*) can be used as an alternative to CHX, although long-term *in vivo* studies are further warranted.
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